Lactic acid bacteria (LAB) represent a heterogeneous group of microorganisms that are naturally present in many foods and possess a wide range of therapeutic properties. The aim of this paper is to present an overview of the current expanding knowledge of the mechanisms by which LAB and other probiotic microorganisms participate in the prevention and treatment of inflammatory bowel diseases. These include changes in the gut microbiota, stimulation of the host immune responses, and reduction of the oxidative stress due to their antioxidant properties. A brief overview of the uses of genetically engineered LAB that produce either antioxidant enzymes (such as catalase and superoxide dismutase) or anti-inflammatory cytokines (such as IL-10) will also be discussed. This paper will show that probiotics should be considered in treatment protocols of IBD since they provide many beneficial effects and can enhance the effectiveness of traditional used medicines.
Introduction
Inflammatory bowel disease (IBD) is a term applied to a group of bowel disorders in which inflammation is a major feature, but where there is no proven evidence that infection is the causative agent. Rare forms of inflammatory bowel disease exist but the two main entities are ulcerative colitis (UC) [1] and Crohn's disease (CD) [2] . There is evidence that these do not represent discrete conditions but rather are the same disease with shared aetiological factors [3] . The different clinical manifestations may reflect the particular tissue involved or the affected individual's immunological and constitutional endowment.
Despite many years of study, the exact etiology and pathogenesis of these disorders remain unclear. The use of experimental animal models have provided insights into the complex, multifactorial processes, and mechanisms that can result in chronic intestinal inflammation [4] . These models have a number of advantages in that the environmental conditions and genetics can be either controlled or defined.
The use of animal models has proven useful in the study of IBD and is a necessary step in testing new drugs before launching clinical trials. Animal models of IBD can be classified into five principal categories based on the methods of induction: (i) gene knockout (KO) models, (ii) transgenic models, (iii) spontaneous colitis models, (iv) inducible colitis models, and (v) adoptive transfer models [5] . Knowledge gained from these experimental models has already resulted in the development of new hypothesis and therapies that are being tested in patients with different IBD.
The aim of this paper is to present an overview of the current expanding knowledge of the mechanisms by which lactic acid bacteria (LAB) and other probiotic microorganisms participate in the prevention and treatment of IBD. Table 1 gives a brief overview of some examples of native bacterial strains with proven antiinflammatory properties classified by their mechanisms of action. These include changes in the gut microbiota, stimulation of the host immune responses, and reduction of the oxidative stress due to their antioxidant properties. In the following sections, these mechanisms will be discussed in more detail. [ 
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Decreased concentration of colonic Lactobacillus species and increased concentration of mucosal adherent bacteria associated with colitis attenuation [18] 
VSL#3
Delayed relapse into pouchitis after surgical resection in human patients [19] Decreased luminal pH in patients with UC that antagonizes pathogenic bacteria [20] Reduced counts of bifidobacteria and lactobacilli in pouchitis [21] Delayed relapse into pouchitis after surgical resection [22] Unknown
L. rhamnosus GG, L. rhamnosus Lc705, P. freudenreichii ssp. shermanii JS and B. breve Bb99
Alleviating irritable bowel syndrome symptoms [23] B. and L. plantarum Improvement of the disease activity index in an induced rat colitis model [24] L. rhamnosus GG Improvement in the clinical status in children with mildly to moderately active stable Crohn's disease [25] L. casei Shirota Improvement in the clinical condition of murin DSS model of ulcerative colitis [26] Ulcers 3
The Influence of Gut Microbiota in IBD
Most of the models in which animals develop spontaneous or chemically induced colitis are influenced by the microbiota present in the intestinal lumen. This fact is supported by the reduction or absence of intestinal inflammation in trinitrobenzene sulfonic acid (TNBS) or dextran sulfate sodium (DSS) models of colitis using antibiotic-treated and germ-free animals [27] [28] [29] . In addition, many studies have shown that not all bacterial species have equal activities in promoting or reducing intestinal inflammation. The TNBS model is associated with the absence of Lactobacillus and an increase in the number of other aerobic isolates such as Escherichia (E.) coli and Staphylococcus spp. [30] . Similarly, decreased levels of faecal lactobacilli and bifidobacteria have also been reported in Crohn's disease [31] .
In humans, it was shown that IBD patients have a completely different intestinal microbiota compared to healthy individuals [32] [33] [34] . The predominance of potentially harmful bacteria as well as a decrease of commensal bacterial species such as Lactobacillus and Bifidobacterium has been identified in the intestinal microbiota of patients with IBD [35] [36] [37] . Manipulating the abnormal enteric microbiota to decrease the more pathogenic species and enhancing the concentration and metabolic activity of the beneficial species has potential as an alternative therapy for IBD [38] ; administration of certain microorganisms can exert a beneficial effect on the pathogenic/beneficial balance of the microbiota [39] .
Use of Probiotics in the Treatment of Colitis
LAB represent a heterogeneous group of microorganisms that are naturally present in many foods. Several studies have shown that LAB possess therapeutic properties since they are able to prevent the development of some diseases as shown mostly using animal models for cancer, infections, and gastrointestinal disorders such as IBD [40] . Because of the numerous beneficial properties that have been attributed to LAB, these are the most commonly used probiotic microorganisms that can be defined as "live microorganisms which when administered in adequate amounts confer a health benefit on the host" [41] . Probiotic microorganisms, including strains of lactobacilli, bifidobacteria, and Saccharomyces, can potentiate the effect of conventional treatments for experimental colitis or other IBD in humans [22, 42, 43] . Table 2 describes some examples of human clinical trials where probiotics were shown to be effective in the prevention or treatment of different IBD.
Probiotic bacteria can counteract inflammatory processes by stabilizing the gut microbial environment and the permeability of the intestinal barrier and by enhancing the degradation of enteral antigens and altering their immunogenicity [53] . It was reported that Lactobacillus (L.) reuteri could be used to prevent colitis in IL-10 KO mice by increasing the number of LAB in the gastrointestinal tract [18] . Neonatal mice presented a decreased concentration of colonic Lactobacillus species and an increased concentration of mucosal adherent bacteria. Oral administration of the prebiotic lactulose increased the levels of Lactobacillus species and rectal swabbing with L. reuteri restored Lactobacillus levels to normal and reduced the number of adherent bacteria within the colon. These effects were associated with the attenuation of colitis [18] .
In a placebo-controlled trial, orally administered L. salivarius UCC118 reduced prevalence of colon cancer and mucosal inflammatory activity in IL-10 KO mice by modifying the intestinal microbiota in these animals: Clostridium (C.) perfringens, coliforms, and enterococcus levels were significantly reduced in the probiotic fed group [16] .
Gut microbiota can antagonize pathogenic bacteria by conferring a physiologically restrictive environment inhibiting bacterial adherence and translocation, or producing antibacterial substances and defensins. [20] .
Another mechanism by which probiotics can exert a positive effect by inhibiting pathogenic microorganisms is by producing antimicrobial substances such as bacteriocins. Several bacteriocins produced by different Lactobacillus species have been described [54] . The inhibitory activity of these bacteriocins varies; for example, the probiotic L. salivarius UCC118 produces a peptide that inhibits a broad range of pathogens such as Bacillus, Staphylococcus, Enterococcus, Listeria, and Salmonella species [17] . Lacticin 3147, a broad-spectrum bacteriocin produced by a Lactococcus (Lc.) lactis strain, inhibits a range of genetically distinct C. difficile isolated from healthy subjects, patients with IBD and from different origins [55] .
The Symbiotic Instant Mixture (SIM) containing the prebiotic compound inulin, and a combination of probiotic microorganisms (L. acidophilus La-5 and B. lactis Bb-12) significantly reduced inflammation in transgenic rats that produce human HLA-B27-β2-microglobulin. The effect was enhanced by combination with metronidazole, suggesting a synergistic effect of the combination of antibiotics and probiotics in the treatment of experimental colitis [56] .
In a double-blind randomized study, the efficacy of VSL#3 combined with antibiotic treatment on the postoperative recurrence of CD was compared to the treatment with mesalazine alone. Combination of antibiotic and probiotic treatment was more efficient in prophylaxis of postoperative recurrence of Crohn's disease [57] .
The impetus for probiotic experimentation in pouchitis (another type of IBD) has arisen from literature showing disturbances in the intestinal microbiota. Pouchitis has been associated with reduced counts of bifidobacteria and lactobacilli [21] . It was shown that the VSL#3 probiotic mixture was efficient in maintaining the remission in patients with chronic pouchitis [58] . Reduction of secretion of proinflammatory cytokines by peripheral blood mononuclear cells and monocytes and increase in IL-10 production in a murine colitis model [116] Lc. lactis IL-10
Ulcers
Reduction of colitis in mice treated with DSS and prevention of the onset of colitis in IL-10 knockout mice.
[101]
Attenuation of the severity of inflammation in CD patients [102] Regulation of inflammatory cascades in an asthma model [103] CAT L. casei BL23 MnKat Reduction of cecal and colonic inflammatory scores in a DSS-induced colitis model [117] Significat reduction of physiological damages in a TNBS-induced colitis model [121] Lc. lactis + KatE Significat reduction of physiological damages in a TNBS-induced colitis model.
Unpublished data the lack of Treg cells or the excessive production of effector T cells participates in the development and exacerbation of IBD [59, 60] . There is a consensus that CD4+ lymphocytes with Th1 phenotype are dominant in the mucosa of patients with established CD. In contrast, the mucosa in patients with UC is dominated by CD4+ lymphocytes with a Th2 phenotype [61] . However, new immunological insights implicate Th17 cells in the pathogenesis of CD and the importance of the therapy for Th1 and Th17 cells as targets to treat this pathology [62] . Murine models of IBD demonstrated that CD4 T cell differentiation plays a pivotal role in determining the type of immune response generated in the gut and that distinct cytokine profiles characterize each CD4 T cell subset (Th1, Th2, Th17 and Tr) [63] [64] [65] .
The elevated frequency of activated cytotoxic T cells and their important role in the pathogenesis of IBD has also been described [66] . These activated cytotoxic T cells exacerbate the inflammatory process through the release of proinflammatory cytokines and chemokines upon lysis of epithelial cells and the increased influx of luminal antigens at the site of epithelial erosions.
Considering that many beneficial effects of probiotics and fermented milks containing probiotic bacteria are related to their immunomodulatory capacities as well as their antiinflammatory activities [67] , they are ideal candidates for the prevention and/or treatment of intestinal inflammations.
Probiotics can act regulating directly the gut immune system or indirectly inducing beneficial changes in the intestinal microbiota, as discussed previously in this paper. The tolerogenic effect of the gut microbiota may partially be mediated by the generation of regulatory T cells. Certain LAB strains, normal inhabitants of the gut microbiota, have been shown to stimulate T helper cell populations which promote oral tolerance induction, preventing hypersensitivity and local inflammation [68, 69] .
Specific pathogen free IL-10 KO mice that received L. plantarum 299v showed an attenuation of the previously established colonic inflammation and showed decreased IL-12, IFN-γ, and IgG2a at the mucosal level [12] . This probiotic bacterium was evaluated in the pretreatment of germ-free mice that were then exposed to normal flora. These mice significantly decreased IL-12 and IFN-γ production in the mesenteric lymph node as well as significantly improved the histological colitis scores. These results demonstrate that the probiotic bacterium L. plantarum 299v can attenuate immune-mediated colitis and suggest a potential therapeutic role for this agent in clinical IBD [12] .
Another study using BALB/c mice inoculated with TNBS showed that conventional yoghurt (produced using a pool of potentially probiotic strains of L. bulgaricus and S. thermophilus) administration exerted an antiinflammatory effect [70] . Yoghurt administration diminished the severity of inflammation mainly through IL-10, which was increased 6 Ulcers in the intestinal tissues, while IL-17 and IL-12 levels were decreased. These results show that yoghurt consumption can modulate the immune response, inducing downregulation of the inflammatory cytokines produced by the immune cells involved in the inflammatory process. The protective effect of yoghurt could also be mediated through beneficial changes in the intestinal microbiota favoring lactobacilli and bifidobacteria population [70] .
It was recently shown that the oral route of administration may not be required for certain probiotics to exert their effects at the intestinal level. Reduced inflammatory scores and reduced production of proinflammatory cytokines have been observed in IL-10 KO mice that had been injected subcutaneously with L. salivarius UCC118 [15] .
The immunomodulatory properties of LAB, through the repression of proinflammatory cytokines, could be one of the mechanisms by which these probiotic microorganisms are able to prevent and treat certain inflammatory diseases in the gastrointestinal tract. In this sense, it was shown that L. rhamnosus GG specifically inhibits macrophage TNF-α production by a contact-independent mechanism [13] . Other microbes can downregulate proinflammatory cytokines by inhibiting the epithelial cell NF-κB pathway [71, 72] .
Another human study has suggested that L. rhamnosus GG may improve gut barrier function and clinical status in children suffering from mildly to moderately active stable Crohn's disease [25] . Several studies have suggested the resistance of CD T cells to different apoptotic signals [73, 74] . It was also demonstrated that IL-6 and the complex formed with its soluble receptor mediates the resistance of T cells to apoptosis in CD contributing to the perpetuation of chronic intestinal inflammation [75] . In this sense, the modification of apoptosis and T cell regeneration by probiotics was evaluated by different strains. It was shown that the probiotic strain L. casei DN 114 001 reduced the number of activated T lymphocytes in coculture with inflamed tissue of CD patients, diminishing the release of IL-6 and TNF-α and lowering the expression of the antiapoptotic protein Bcl-2 [11] . The probiotic Escherichia coli strain Nissle 1917 induces γ/δ T cell apoptosis mediated via TLR-2 by caspase-and Fas ligand-dependent pathways. It is known that γ/δ T cells play an important role in the recognition of microbial antigens and the perpetuation of inflammatory processes and the regulation of this cell function contributes to explaining the biological function of this probiotic strain in inflammatory diseases.
Malin et al. reported that in pediatric CD, consumption of L. rhamnosus GG was associated with increased gut IgA levels, which could promote the gut immunological barrier [45] . Patients that received a L. rhamnosus GG and fructooligosaccharide mixture showed a significant remission of pouchitis when administered as an adjunct to antibiotic therapy [76] .
It was reported, in a randomized double-blind clinical trial with 120 UC patients, that oral administration of E. coli strain Nissle 1917 as a maintenance treatment of remission showed no difference in relapse rates compared with patients on mesalazine [77] . Relapse rates were 11.3% for the mesalazine-treated group and 16.0% for the E. coli group. Life table analysis showed a relapse free time of 64 d for mesalazine and 65 d for E. coli-treated patients. In a similar study, it was shown that the relapse rate in both groups was markedly higher than the investigators anticipated, 73% for the mesalazine group and 67% for the E. coli group [78] . These studies demonstrate that probiotics seem to have similar effects compared to the conventional treatments for UC.
The crucial role of IL-10 in the development of IBD has been demonstrated by experiments in IL-10-deficient mice. These animals develop a chronic bowel disease resembling CD in humans, which is in part caused by a loss of suppression of the mucosal immune response toward the normal intestinal microbiota [79] . Unfortunately, systemic IL-10 treatment of CD patients is not very effective in inducing clinical remission and is associated with considerable side effects, which are partly due to the fact that systemic IL-10 induces the proinflammatory cytokine IFN-γ [80] . However, studies in experimental models suggest that topical treatment with IL-10 is effective to prevent certain inflammatory diseases. Recent studies have reported an accumulation of Foxp3+ CD4+ CD25+ cells in colon samples from patients with UC or CD and that subsets of IL-10-producing CD4+ CD25+ T cells were present mainly within the intestinal lamina propria, suggesting compartmentalization of the Treg response at effector sites [81] . An orally administered mixture of B. longum Bar 33 and L. acidophilus Bar 13 prevented inflammation and mucosal ulcerations in a TNBSinduced colitis mouse model [82] . This protection was associated with an inhibition of the TNBS-induced increase of CD4+ population, upregulation of IL-10, downregulation of IL-12 and a different pattern of Foxp3+ CD4+ CD25+ cells in the intraepithelial and lamina propria lymphocytes [83] .
The association of the Toll-like receptor (TLR) signaling deregulation and the pathogenesis of IBD infer the therapeutic potential of modulating TLRs signaling pathways [84, 85] . Considering that probiotic bacteria and probiotic fermented products exert their effect mainly through the innate immune response stimulation [86] [87] [88] , changes in the TLR expression can be associated to the beneficial effect of these microorganisms (and of products produced by or containing probiotics) in hosts with IBD.
The mechanisms of tolerance of the intestinal epithelium against bacterial ligands of the intestinal lumen are mediated by TLRs, which belong to a family of patternrecognizing receptors that detect conserved molecular products of microorganisms emerging as crucial elements in the activation of innate immunity as well as connectors between the innate and acquired immunity. TLR4 recognizes the LPS present in the membrane of Gram (-) bacteria such as Enterobacteriaceae family which together with other Gram (-) bacteria populations overgrow in an inflammatory process. In the colonic mucosa of IBD patient, a great concentration of Enterobacteriaceae and bacteroides were associated with the severity of the inflammation and TLR4 increase [89] . TLR4 is upregulated in both CD and UC. Studies have shown that inflammatory cytokines such as Ulcers 7 IFN-γ and TNF-α increase expression of TLR4 and MD-2 (myeloid differentiation protein 2), resulting in increased LPS responsiveness [90] . In this sense, the study of TLR showed that probiotic bacteria induced changes in the TLR expression in the immune and in the intestinal epithelial cells [91] . L. casei prevented the development of acute DSSinduced colitis in TLR4 KO mice by inhibiting myeloperoxidase activity and IL-12p40, and increasing TGF-β and IL-10 mRNA. These effects suggest that the mechanism of action of L. casei depends largely on TLR4 status [92] .
Isolated components of the probiotic cell may also have some therapeutic benefits. Bacterial DNA has been shown to have potent immunostimulatory effects. It was reported that bacterial DNA could attenuate colitis in a number of induced and spontaneous murine models [93] . Studies have shown that bacterial DNA derived from luminal bacteria contributes significantly to the perpetuation of chronic intestinal inflammation through TLR9. In TLR9-deficient mice, the intestinal inflammation was significantly lower and the proinflammatory cytokine production was drastically reduced [94] . However, other intestinal epithelial cells recognize pathogenic bacterial DNA and respond by increasing surface localization and expression of TLR9 which led to the secretion of the proinflammatory cytokine IL-8 [95] . Furthermore, several studies have shown that the presence of TLR9 is associated with the beneficial effect exerted by probiotics against IBD. It was reported that the inhibition of experimental colitis by probiotics was not observed in mice deficient in MyD88 or TLR9 [96] . In addition, these researchers also demonstrated that the attenuation of DSS colitis was caused by the DNA of VSL#3 mixture through TLR9 signaling, and nonviable bacteria were equally effective in reducing inflammation in this model [97] . Heating E. coli strain Nissle 1917 and its isolated DNA were also administered in the DSS murine model and an antiinflammatory effect was demonstrated [98] . Interestingly, specific immunostimulatory DNA sequences have also been shown to attenuate the production of proinflammatory cytokines which are elevated in the mucosa of ulcerative colitis patients, suggesting that the animal model data may be applicable to human disease states [99] .
The results of animal and human studies demonstrate that some probiotic strains can successfully modify the mucosal immune response to modulate the levels of specific activation molecules such as cytokines. By increasing IL-10 levels and in consequence decreasing inflammatory cytokines such as TNF-α and IFN-γ, some LAB can prevent the appearance of local inflammatory diseases and can successfully be used as an adjunct therapy with conventional treatments [40] .
LAB as Vehicles for Anti-IBD Compounds
LAB are potential candidates to be used as vehicles for the production and delivery of heterologous proteins of vaccinal, medical, or technological interest and various delivery systems are now available for these probiotic microorganisms [100] . The use of LAB that produce antiinflammatory compounds (such as IL-10 and antioxidant enzymes) in the treatment of colitis and IBD will be discussed in the following sections.
IL-10-Producing Strains.
Intragastric administration of a recombinant Lc. lactis strain secreting murine IL-10 prevented onset of colitis in IL-10 KO mice and caused a 50% reduction of the inflammation in DSS-induced chronic colitis [101] . A placebo-uncontrolled trial using CD patients treated with a Lc. lactis expressing mature human IL-10 showed that this genetically modified LAB was able to decrease the severity of this IBD [102] . The results of this phase I study confirmed that mucosal delivery of proteins is a feasible strategy in human beings holding promise for the safe application of live genetically modified Lc. lactis as a therapeutic tool in patients with chronic intestinal inflammation. The application of IL-10-producing LAB is not only limited to the treatment of IBD, recently it was shown that Lc. lactis expressing IL-10 could be used in the treatment of asthma because this cytokine plays a central role in the regulation of inflammatory cascades [103] .
Antioxidant Enzyme-Producing
Strains. IBD can frequently be associated with oxidative stress and epithelial damages. In IBD patients, oxidative stress occurs as a result of recurrent and abnormal inflammation. Several studies have established a correlation between the increase in reactive oxygen species (ROS) production and disease activity in inflamed biopsies of IBD patients [104] [105] [106] [107] . Therefore, another mechanism by which LAB could prevent inflammation is through the expression of antioxidant enzymes that can degrade ROS or at least impair their formation.
ROS are normal byproducts of oxygen metabolism (such as superoxide ions, free radicals, and peroxides). These small molecules can be generated in aerobiosis by flavoproteins [108] and by phagocytes during inflammatory reactions [109] . At low quantities, ROS participate in cell signaling and regulatory pathways. However, when produced in large amounts, they act to eliminate infectious agents by causing significant damages to cell structures and macromolecular constituents such as DNA, RNA, proteins, and lipids [110] . When ROS concentration exceeds the capacity of cell defense systems, toxicity is triggered [111] . It has been shown that human tumor cells produce and excrete large amounts of H 2 O 2 that might participate in tumor invasion and proliferation [112] . Thus, oxidative stress plays an important role in pathologies of the gastrointestinal tract of humans such as IBD as well as in certain types of cancers [113, 114] .
The normal intestinal mucosa is equipped with a network of antioxidant enzymes that are able to neutralize ROS such as catalase (CAT), glutathione peroxidasa (GSH), glutathione reductase (GR), glutathione-s-transferase (GST), and superoxide dismutase (SOD). The activities of these enzymes are usually balanced to maintain a low and continual steadystate level of ROS; however, the levels of these enzymes are frequently depleted in IBD patients [105, 114] . Probiotic LAB strains expressing high levels of antioxidant enzymes could increase these enzyme activities in specific locations of the gastrointestinal tract and could thus contribute to prevent oxidative epithelial damages, giving rise to potential Ulcers applications for treatment of inflammatory diseases or postcancer drug treatments.
Since few microorganisms produce antioxidant enzymes at concentrations required toexert biological effects, genetic engineering strategies have been employed to produce antioxidant producing LAB. Recent reviews have shown the potential uses of such strains in the treatment of IBD using a variety of animal models [40, 115] . Table 3 describes some examples of genetically engineered strains of LAB with proven antiinflammatory properties classified by their mechanisms of actions.
LAB have been used to locally deliver SOD directly to the intestines, an important breakthrough since oral administration of SOD is greatly limited by its short lifespan (5-10 min) in the hostile conditions of the gastrointestinal tract. It was shown that genetically engineered L. plantarum and Lc. lactis capable of producing and releasing SOD were found to exhibit anti-inflammatory effects in the TNBS colitis model [119] . Another experimental study demonstrated that L. gasseri producing manganese SOD had significant antiinflammatory activity reducing the severity of colitis in IL-10-deficient mice [8] . Recent data has shown that SOD producing L. casei BL23 was able to significantly attenuate the TNBS-induced damages as shown by higher survival rates, decreased animal weight loss, lower bacterial translocation to the liver and the prevention of damage to the large intestines [121] . This is in agreement with previous results that have shown that the same SOD-expressing strain of L. casei was able to slightly attenuate the colonic histological damage score of a DSS-induced colitis model [122] .
By definition, LAB, as a whole, are catalase negative microorganisms, thus genetic modifications are necessary in order for them to produce this important antioxidant enzyme. The food-grade Lc. lactis is a potential vector to be used as a live vehicle to deliver heterologous proteins for vaccine and pharmaceutical purposes. Since Lc. lactis has no catalase, the B. subtilis heme catalase Kat E gene (ORF or open-reading frame) was introduced into this industrially important microorganism giving rise to a strain capable of producing active catalase that can provide efficient antioxidant activity [123] . Recently, the heterologous expression of nonheme catalase in bacteria relevant to dairy industries (L. casei) has also been reported [124] . This latter strain offers the advantage that no exogenous heme has to be added to the culture medium in order to exert an efficient catalase activity. We have previously shown that the catalase-producing Lc. lactis strain was able to prevent tumor appearance in the colon [118] . In another study, we have shown that a catalase producing strain of L. casei BL23 significantly decreased the physiological damages caused by the TNBS administration [121] . This result is similar to those obtained previously where it was shown that both the native strain of L. casei BL23 and its catalase producing derivative presented a significant reduction of caecal and colonic inflammatory scores [117] .
Conclusions
This paper has shown that probiotics have been extensively used in order to prevent and treat inflammatory bowel diseases. The mechanism of action of these beneficial microbes, which includes changes in the gut microbiota, stimulation of the host immune responses, and reduction of the oxidative stress due to their antioxidant properties and antioxidant enzyme production has been demonstrated principally using animal models and in specific human trials. It has recently been suggested that there is a lack of welldesigned, large, randomized, placebo-controlled trials that can certify that probiotics are effective in the prevention and treatment of IBD [125] . Additional studies such as the double-blind, randomized, placebo-controlled clinical trial of the treatment of relapsing mild-to-moderate ulcerative colitis with the probiotic VSL#3 as adjunctive to a standard pharmaceutical treatment [126] are required to confirm animal data and are necessary to convince the medical and general community of the benefits and potential application of probiotics in the prevention and treatment of IBD.
Although probiotic effects are a strain-dependent trait, using modern genetic engineering techniques it is theoretically possible to obtain strains that can exert a variety of beneficial properties. For example, the introduction of antioxidant enzyme genes in current probiotic strains that have natural antiinflammatory properties, such as the ability to modulate the immune-dependant inflammatory processes, could generate very useful strains that could be applied in the treatment of a variety of inflammatory diseases. These strains could also be included in treatment protocols since it has been shown that probiotics can enhance the effectiveness of traditional IBD treatments. However, before proposing the genetic modification of antiinflammatory strains, the innate mechanisms of the potential host strains should be demonstrated in properly designed largescale human clinical trials. These trials are essential in future studies using the engineered strains to demonstrate the differences between the native and modified strains.
The consumption of engineered strains by humans is still highly controversial due to the public perception that genetic manipulation is not "natural". Scientists must perform welldesign studies where the results are divulged to the general populations in order to inform consumers of the obvious beneficial effects these novel techniques can confer with the minimum of risk to their health and to the environment. Throughout the course of history, most novel treatments have met resistance from potential benefactors, it is thus important to show that the potential benefits are highly superior than the risks for novel treatments to be completely accepted by the population as a whole.
